No cell is like another. Even genetically identical cells that live in the same environment differ in many properties, including expression levels of their genes. This heterogeneity was observed early on, mainly in studies of bacterial cells. Bistability in expression of the lac operon is one notable example; under intermediate inducer levels, part of a cell population expresses high levels of lactose-degrading enzymes whereas the rest of the cells express very low levels of these enzymes [1] . Another study revealed non-genetic variability in the chemotactic migration of bacteria, suggesting that stochastic differences in expression of specific genes between cells are responsible for the observed phenotypic heterogeneity [2] . Since these pioneering studies, much more was learned about the sources of variability in gene expression between cells and its phenotypic consequences, from bacteria to mammalian cells.
Stochasticity in gene expression is not the only driver of heterogeneity in cell populations. In multi-cellular organisms, cells are found in complex microenvironments composed of many different cell types. Any study of gene expression in bulk samples will unavoidably average out differences between subpopulations. To advance investigation of heterogeneous cell populations, researchers are developing an extending battery of methods that allow for measuring gene expression and other cellular processes at the level of the single cell. The immediate challenges are of course the limited amount of material available, the need to identify and isolate single cells of interest and the large number of cells that need to be analyzed to gain statistically significant results that represent natural variability while overcoming measurement noise. Methods have been developed to measure levels of mRNA and protein in single cells, ranging from single-cell RT-PCR to recent advances in mRNA-seq [3] , multi-parameter flow cytometry [4] and live-cell imaging [5] [6] [7] . Additionally, new analysis tools have been developed to cope with increasing complexity of multi-parameter single-cell data.
This issue of Briefings in Functional Genomics brings a collection of articles presenting recent advances in this field, highlighting practical issues and topics that aim to extend the range of single-cell analysis, enabling study of new cell types and a larger range of cellular phenomena at the level of the single cell.
The issue starts with an article by Long Cai, who describes a new method for highly multiplexed detection of mRNA molecules within cells with high spatial resolution. The method brings together multiplexed single molecule mRNA-fluorescence insitu hybridization (FISH) with super-resolution optical microscopy, enabling multiplexed detection of many different mRNA species by color barcoding and spatial separation. This method enhances abilities of mRNA-FISH in terms of the number of genes that can be detected simultaneously and also in the very fine cellular localization that it provides. It can be applied, for example, to study tissue sections, preserving the spatial organization of cells in the tissue while providing information on levels of expression of many genes at the single-cell level. The following contribution by Ståhlberg and colleagues describes a different aspect of single-cell mRNA analysis, using multiplexed RT-PCR. This technique has been made accessible to many laboratories through recent advances and allows an affordable method for single-cell gene expression studies of multiple genes. Ståhlberg and colleagues describe various aspects unique to the analysis of such datasets, highlighting differences between bulk and single-cell analysis of mRNA expression data.
The discussion continues with a contribution by Yurkovsky and Nachman, who deal with the question of timing of cellular events with single-cell resolution. Although the question of variability in levels of gene expression had attracted much attention, the issue of variability in event timing is still less well characterized in many systems. For example, one may ask what is the level of heterogeneity in expression timing of a given gene between cells that are exposed to the same signal at the same time? To what extent are the cells synchronized in their response? Are there 'leaders' and 'followers' in the population, manifested by early and late responding cells? Yurkovsky and Nachman present studies of timing variability of various cellular properties and discuss implications of timing variability and its relation to amplitude variability in cell populations.
Measuring event timing and other dynamical processes such as gene expression in single cells requires monitoring of individual living cells over extended periods of time. This is usually realized using live-cell imaging, which allows for capturing light microscopy images of live cells over time. Various fluorescence microscopy methods have been developed to study cellular processes such as mRNA and protein expression using live-cell imaging. The last two contributions discuss some recent advances in this field. In a contribution from my own laboratory, we describe extension of live-cell imaging to study nonadherent cells and in particular lymphocytes. Although investigation of unicellular organisms and adherent mammalian cell lines made tremendous progress, applying similar methodologies to lymphocytes proved challenging. These obstacles were overcome in recent years by a number of labs, using microfluidics devices and microwell arrays to confine and culture lymphocytes for extended periods of time, allowing for their characterization by live-cell imaging. The issue concludes with an article by Lahav and colleagues, who show how studies of DNA damage responses can be enhanced by livecell imaging. The DNA damage response is highly heterogeneous in cell populations, not only due to heterogeneity in cell properties but also due to the different level of damage that is obtained in different cells under most conditions. This variability complicates analysis of the correlation between specific characteristics of DNA damage (for example, the number of lesions or their spatial distribution along the DNA) and the resulting response. Focusing on DNA double-strand break repair, Lahav and colleagues describe how advances in live-cell imaging, dynamic fluorescence imaging approaches and new fluorescent labeling techniques provide new insight into the DNA damage response. These studies start to reveal the complex spatial and temporal kinetics of DNA damage repair and can have broad implications in various systems, including cancer therapy.
The articles presented in this special issue provide few glimpses into the rich world of single-cell analysis, which is constantly advancing as new technologies are being developed and start to become commercially available. Studying cellular responses at the single-cell level will undoubtedly modify the way we understand cell biology, with implications for many fields of biology and medicine.
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